Partitioning of mineral dust, pollution, smoke, and mixtures using remote sensing 21 techniques can help improve accuracy of satellite retrievals and assessments of the aerosol 22 radiative impact on climate. Spectral aerosol optical depth (τ) and single scattering albedo (ω o ) 23 from Aerosol Robotic Network (AERONET) measurements are used to form absorption [i.e., ω o 24 and absorption Ångström exponent (α abs )] and size [i.e., extinction Ångström exponent (α ext ) and 25 fine mode fraction of τ] relationships to infer dominant aerosol types. Using the long-term 26 AERONET data set (1999-2010), 19 sites are grouped by aerosol type based on known source 27 regions to: (1) determine the average ω o and α abs at each site (expanding upon previous work); 28 (2) perform a sensitivity study on α abs by varying the spectral ω o ; and (3) test the ability of each 29 absorption and size relationship to distinguish aerosol types. The spectral ω o averages indicate 30 slightly more aerosol absorption (i.e., a 0.0<δω o ≤0.02 decrease) than in previous work and 31 optical mixtures of pollution and smoke with dust show stronger absorption than dust alone. 32 Frequency distributions of α abs show significant overlap among aerosol type categories and at 33 least 10% of the α abs retrievals in each category are below 1.0. Perturbing the spectral ω o by 34 ±0.03 induces significant α abs changes from the unperturbed value by at least ~±0.6 for Dust, 35 ~±0.2 for Mixed, and ~±0.1 for Urban/Industrial and Biomass Burning. The ω o440nm and α ext440-36 870nm relationship shows the best separation among aerosol type clusters, providing a simple 37 technique for determining aerosol type from surface-and future space-based instrumentation.
For a wavelength range between 440 and 870 nm typically using 440, 500, 675, and 870 nm 141 AOD-and computed by linear regression of ln τ versus ln λ-values near 0 indicate mainly 142 coarse mode (radius, r>1 µm) aerosol particles, while values near 2 indicate mainly fine or 143 accumulation mode (r<1 µm) aerosol particles [Holben et al., 1991; Kaufman et al., 1992; Eck et 144 al., 1999; Reid et al., 1999; Holben et al., 2001] . The absorption AOD or τ abs is calculated for 145 each wavelength using equation (2):
[ Eck et al., 2010; Russell et al., 2010; Giles et al., 2011a] . Similar to α ext , the spectral 
Assuming a spectrally constant index of refraction, very small spherical black carbon particles (r 150 ~0.01 μm) can have a λ -1 dependence or α abs of 1. 0 [Bergstrom et al., 2002] , while larger 151 optically effective black carbon particles (e.g., r>0.1 μm) may have α abs values below 1.0 for 152 large cores and up to 1.6 for various shell coatings [Lack and Cappa 2010] . Russell et al. [2010] 153 analyzed AERONET pre-Version 1 almucantar retrievals from Dubovik et al. [2002] and showed 154 α abs values vary between ~1.2 and 3.0 for Dust, ~0.75 and 1.3 for U/I, and ~1.2 and 2.0 for BB. 155 Eck et al. [2010] analyzed AERONET Version 2 almucantar retrievals and showed sites 156 dominated by optical mixtures of dust, smoke, and pollution had α abs values between ~1.2 and as biogenic) aerosols as a dominant particle type category were not considered in this study since for maritime locations affected by aerosol plumes (e.g., Saharan dust transport over Cape Verde islands), τ 440nm >0.4 can be satisfied [Smirnov et al., 2009] Lake_Argyle, biomass burning smoke over GSFC) [Sano et al., 2003; Qin and Mitchell 2009; 181 Eck et al., 2003b; O'Neill et al., 2005] et al., 2006; Eck et al., 2009; 2010] . The average ω o for α abs binned between 1.5 and 240 2.0 shown by Giles et al. [2011a] at Kanpur closely resembles the absorption magnitude and spectral shape of mixed aerosol types for the Mixed category (0.33<η 550nm ≤0.66) in Table 2 as 242 well as Figure 2b and Figure 3b suggesting various mixtures of aerosol particles contributing to 243 the absorption.
244
The ω o and τ ext are used to derive the τ abs from AERONET data. τ abs and α abs were 245 averaged for each site based on dominant particle type category in Figure 4 and shown in Figure 6 , the U/I and BB category types for the α abs and α ext relationship tend to overlap 381 each other. For primary density clusters in these two categories, the α abs vary from ~1.1 to 1.8.
382
Until the ω o uncertainty is known and constrained further (given the sensitivity results of Section Tanre et al. [2001] ; Reid et al. [2003] scattering albedo (ω o ) averages are listed first followed by their standard deviations. The absorption and extinction Ångström 689 exponents (α abs and α ext ) and are computed using the 440-675-870 nm wavelength interval. The fine mode fraction of the AOD 690 (η 550nm ) is interpolated to 550 nm as discussed in Section 2. 
